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REMARKS 

Entry of the amendments is respectfully requested. Claims 17, 7, and 24 are currently 
amended. New claim 55 has been added. Claims 1, 7-25, and 28-55 are pending in the 
application. Favorable reconsideration and allowance of this application is respectfully 
requested in light of the foregoing amendments and the remarks that follow. 

1. Examiner hterview 

The applicant thanks the Examiner for the helpful interview held on October 10, 2006. In 
the interview, the functional language and the percent identity in the claims were discussed. For 
the proposed functional language, the Examiner made two proposals. First, he suggested 
"wherein the polypeptide is a marker of pluripotent cells." Second, the Examiner proposed 
"wherein the polypeptide can serve as a marker of germ cell competence in embryonic germ cell 
precursors." The Examiner indicated that the first proposal would require an RCE because it was 
broader, whereas he and his primary approved of the second proposal, but would require the 
SPE's approval. Applicant has amended the claims based on the first proposal and files an RCE 
herewith. 

With respect to the percent identity, the Examiner suggested that claim 1 should be 
amended to require 95% identity. This suggestion was based on Example 14 of the "Revised 
Interim Written Description Guidelines Training Materials." The Examiner's proposals are 
discussed in more detail below. 

2. Rejection Under $ 112, First Paragraph 

Claims 1, 7, and 24 were rejected under 35 U.S.C. § 112, H 1, as failing to comply with 
the written description requirement. The applicant believes that this requirement was satisfied 
prior to the current amendments. Nevertheless, the claims have been amended, but only for the 
purpose of expediting prosecution. The amendments in no way represent a concession that the 
invention is fairly limited in this way. 

As noted above, applicant has chosen amendment language based on the Examiner's 
broader proposal. Support for the amendments, i.e., "the polypeptide can serve as a marker of 
pluripotent cells. " and the fact that the claims satisfy the written description requirement is found 
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at paragraphs 71 and 309 of the published patent application. Additional support can be found in 

the attached publications, Geijsen N., et al., Derivation of Embryonic Germ Cells and Male 

Gametes from Embryonic Stem Cells, Nature 427:148-153 (attached as Exhibit A) and Gordeeva, 

O., et al.. Differentiation of Embryonic Stem Cells after Transplantation into Peritoneal Cavity 

of Irradiated Mice and Expression of Specific Germ Cell Genes in Pluripotent Cells, Trans. Proc. 

2005, 37(1): 295-298 (attached as Exhibit B). Both of these references confirm that expression 

of GCRl/Fragilis is not limited to pluripotent germ cell precursors. Instead, GCRl/Fragilis is 

also expressed in other pluripotent cells, such as mouse ES cells. For example, Gordeeva et al. 

states that "Expression of pluripotent and germ-cell specific genes oct4, nanog, stella and fragilis 

was evaluated. . . . [A]ll four genes were expressed in the pluripotent cells, {see page 297, second 

colunm, last paragraph). Likewise, Figure 1 of Geijsen et al. clearly shows that Fragilis is 

expressed in mouse ES cells (see left hand lane of Figure 1). Thus, given that in the art, (1) the 

model pluripotent cell is considered to be the ES cell and (2) fragilis is acknowledged as a 

marker for ES cells as well as other pluripotent cells, such as embryonic germ cell precursors, 

there is ample support for the amendments. Hence, there is no reason to require the Examiner's 

narrower, second proposal as it would fly in the face of the currently imderstood scientific 

wisdom, as demonstrated in both Gordeeva et al. and Geijsen et al. 

For the percent identity of claim 1, the Examiner suggests narrowing to it 95%. This was 

based on Example 14 of the "Revised Interim Written Description Guidelines Training 

Materials," which has a claim limitation of 95% identity. However, this is not a general rule. 

Instead, it is clearly specific to and based on the specification of that example: 

Analysis: A review of the full content of the specification indicates that a 
protein having SEQ ID NO: 3 or variants having 95% identity to SEQ ID 
NO: 3 and having catalytic activity are essential to the operation of the 
claimed invention. 

In the instant application, the specification supports a 90% identify. See, e.g., paragraphs 
9, 62, and 221 . Furthermore, the 90% identity defines over the prior art. As such, one skilled in 
the art would conclude that based on the 90% identity and the functional limitations of the 
claims, the applicant was in possession of the necessary common attributes possessed by the 
members of the genus of polypeptide encompassed by the claim. Thus, the written description 
requirement is satisfied. 
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In light of the amendments to the claims and the foregoing argument, withdrawal of the 
rejection of claims 1, 7, and 24 under 35 U.S.C. § 1 12, 1 1 is requested. 

3. Withdrawal of the Rejection Under S 103 

The withdrawal of the rejection of claim 1 under 35 U.S.C. § 103(a) is noted with thanks. 

4. New Claim 

New claim 55 has been added and recites "An isolated GCRI polypeptide comprising the 
sequence set forth in SEQ ID NO: 2." This claim is believed to be in condition for allowance for 
at least the reason that the other claims are believed to be in condition for allowance. 



It is submitted that the pending claims are in compliance with 35 U.S.C. § 1 12 and each 
define patentable subject matter. A Notice of Allowance is therefore respectfully requested. 

The Director is authorized to charge Deposit Account No. 23-2053 for the fee associated 
with a three -month extension, which the Applicants hereby request, and the fee associated with 
one additional independent claim. No other fee is believed to payable with this response. The 
Director is authorized to charge Deposit Account No. 23-2053 for any other fee associated with 
this response. The Examiner is invited to contact the undersigned by telephone if it would help 
expedite matters. 



WHYTE HIRSCHBOECK DUDEK S.C. 
1 East Main Street, Suite 300 
Madison, WI 53703-3300 
Telephone: (608) 255-4440 
Facsimile: (608) 258-71387 



CONCLUSION 




Respectfully submitted. 
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expand (Supplementary Information). It is important to recognize that further work is 
required to establish empirically how the absolute and proportional area losses of 
individual species (in other words, the type of data from climate envelope projections) are 
related to extinction risk. As yet, no agreed standard method exists for such calculations: 
assumptions and uncertainties inherent in the three methods will be considered in detail 
elsewhere. 

Extinction probability estimates were not available for all scenarios in every region/ 
taxon, so means of scenarios were calculated after using a least-squares analysis of 
variance model to impute missing values. Region/taxon mean probabilities of 
extinction for each scenario were logit-transformed and a three-way analysis of 
va riance w as fitted (region/taxon X climate scenario X dispersal scenario; weighted by 
\/N^cda per region/taxon study). The fitted model was used to impute expected 
values of the probability of extinction for those region/taxon and scenario 
combinations for which direct estimates were not available. Scenario means were then 
calculated from the combined direct estimates and imputed values, using y/N^^ for 
each region/taxon as weights. 

Red Data Book criteria 

Each species is assigned to a threat category", or classified 'Not Threatened' (0% risk), 
depending on the projected decline in area over SO or 100 years (Supplementary 
Information) and the final distribution area. Existing areas were considered, so we present 
only the extra extinction attributable to climate change. Logit-transformed three-way 
analysis of variance was used to estimate extinction risks for empty cells, as with the 
species-area approaches. 

Extinct: species with a projected future area of zero (100% of species assumed to be 
committed to eventual extinction). 

Critically endangered: projected future distribution area < 10 km', or decline by >80% 
in 50 years (species assigned a 75% chance of extinction"). 

Endangered: projected area 10-SOOkm', or 50-80% decline in 50 years (species 
assigned a 35% chance of extinction"). 

Vulnerable: projected area 500-2,000 km', or >50% decline in 100 yean on the basis 
of linear extrapolation of 50-year projection (species assigned a 15% chance of 
extinction"). 

Received 10 September; accepted 13 October 2003; doi:10.1038/nature02l2l. 
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Egg and sperm cells (gametes) of the mouse are derived from a 
founder population of primordial germ cells that are set aside 
early in embryogenesis. Primordial germ celis arise from the 
proximal epiblast, a region of the early mouse embryo that also 
contributes to the first blood lineages of the embryonic yolk sac*. 
Embryonic stem cells differentiate in vitro into cystic structures 
called embryoid bodies consisting of tissue lineages typical of the 
early mouse embryo*^. Because embryoid bodies sustain blood 
d£VdApiUiUt, we reasoned that they might also support primor- 
dial germ cell formation. Here we isolate primordial germ cells 
from embryoid bodies, and derive continuously growing lines of 
embryonic germ cells. Embryonic germ cells show erasure of the 
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methylation markers (imprints) of the Igflr and H19 genes, a 
property characteristic of the germ lineage. We show that embry- 
oid bodies support maturation of the primordial germ cells into 
haploid male gametes, which when injected into oocytes restore 
the somatic diploid chromosome complement and develop into 
blastocysts. Our ability to derive germ cells from embryonic 
stem cells provides an accessible in vitro model system for 
studies of germline epigenetic modification and mammalian 
gametogenesis. 

We differentiated embryonic stem (ES) cells according to our 
standard methods*, and isolated messenger RNA from whole 
embryoid bodies (EBs) at several time points. We used polymerase 
chain reaction with reverse transcription (RT-PCR) to detect 
expression of genes implicated in ES cell pluripotency (the POU 
domain transcription factor Oct4) and germ cell development, 
including Stella and fragiUs (Fglsf, and a set of genes that are 
exclusively expressed in the germ line and are absent from somatic 
tissues (Dazl, Piwil2, Rnfl7, Rnh2, Tdrdl and TexH)'^". All of these 
genes were expressed in undifferentiated ES cells, and a subset 
underwent rapid extinction with EB formation (Fig. 1). Rnh2, 
Tdrdl and Texl4 decreased to undetectable levels very early in EB 
development (day 3-4), suggesting efficient differentiation and 
commitment to distinct cell fates. Stella and Fgls expression 
declined immediately on EB formation, but low levels persisted 
over the course of EB differentiation. 

Expression of the surface antigen SSEAl, a marker of pluripotent 
ES cells, also wanes on EB development, but rare SSEAl positive 
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Figure 1 Expression of germ-cell-specific genes during EB development RNA was 
prepared from ES cells, day 3-9 EBs and adult testis, and processed for RT-PCR. 
Hprtsened as a control. Stella is expressed at high levels In primordial germ cells and 
oocytes but Is almost absent from adult testis^, /^/s Is expressed in the cells 
surrounding the germ cells'. Dazl is expressed only in germ cells in both testis and 
ovary' Piwil2, RnflT, Rnh2, Tdrdl and TexU are germ-cell-specific and expressed in 
tfie male gonad^ 




(SSEA1+) cells persist in differentiated EBs'". We differentiated ES 
cells carrying an Oct4-promoter-driven green fluorescent protein 
(GFP) reporter gene", and observed a similar overall decrease in 
GFP"'' cell populations upon EB differentiation, as well as a 
persistent rare population of GFP* cells (data not shown). 
Although these might represent residual undifferentiated ES cells, 
SSEAl and Oct4 expression are also features of primordial germ cells 
(PGCs). We thus sought to determine whether these SSEAl "^/Oct4"^ 
cells within EBs represented residual undifferentiated ES cells or 
true PGCs. 

There is a lack of markers that can suitably distinguish between ES 
cells and PGCs; however, retinoic acid acts to rapidly differentiate 
ES cells while stimulating proliferation of PGCs, and can therefore 
be used to distinguish between these two cell populations'^. We 
plated ES cells or cells derived from EBs onto a mouse embryonic 
feeder (MEF) cell layer and cultured the cells for 7 days in the 
presence of 2 retinoic acid (Fig. 2a). We then quantified the 
residual SSEAl"*" cells. In retinoic acid-treated ES cells, greater than 
99% of cells extinguished SSEAl expression. In contrast, in retinoic 
acid-treated cultures of EB-derived cells, a significant percentage of 
SSEAl""" cells persisted and expanded modestiy in culture, with an 
apparent wave of formation peaking at around day 5 (Fig. 2b). Cells 
that differentiated for 5 days in retinoic acid were fixed and stained 
for alkaline phosphatase. Very few ceUs positive for alkaline phos- 
phatase persisted in the retinoic acid-treated ES cell cultures (Fig. 2c, 
left panel). In contrast, large colonies of cells positive for alkaline 
phosphatase surrounded by motile ceUs that resembled migratory 
PGCs were abundant in retinoic acid-treated cultures of EB-derived 
cells (Fig. 2c, right panel). This differential effect of retinoic acid 
stroi^y suggested diat the SSEAl"*" population of cells from EBs 
were PGCs. 

To obtain conclusive evidence that the retinoic acid-resistant 
ES-like colonies were indeed PGCs, we analysed whether these cells 
manifested erasure of epigenetic imprints; this is a unique property 
of PGCs that is maintained in PGC-derived embryonic germ cells'^. 
Imprinting of the Igftr gene is determined by parental origin, 
with expression only from the maternal aUele". A specific region 
of the IgfZr gene has been identified, differentially methylated 
region 2 (DMR2), which is hypermethylated only on the maternally 
inherited allele". We isolated SSEAl"^ cells from EBs at different 
time points and cultured the cells for 7 days in the presence of 
retinoic acid. Individual retinoic acid-resistant colonies were iso- 
lated and expanded on gelatinized tissue culture plastic in the 
presence of leukaemia inhibitory factor (LIF), stem cell factor 
(SCF) and basic fibroblast growth factor; these are conditions that 
support the derivation of embryonic germ cells"'". We analysed the 
methylation status of DMR2 in independent clones of the parental 
ES cell line and in candidate embryonic germ clones by restriction 
digestion of the genomic DNA with PvmII and the methylation- 
sensitive enzyme Mlul. Independent ES cell clones demonstrated a 
somatic methylation profile in which only one allele was digested 
(Fig. 2d, top panel, lanes 1-5). Most of the day 4 EB-derived 
embryonic germ cell clones displayed a similar somatic imprinting 
profile (Fig. 2d, top panel, lanes 6-9), with the exception of one 
clone in which methylation was erased (Fig. 2d, top panel, lane 10), 
as demonstrated by digestion of both alleles. Notably, at day 7 of EB 
development, 6 of 7 embryonic germ-like cells showed an 
unmethylated pattern (Fig. 2d, top panel, lanes 11-16), and at day 
10 of EB development all embryonic germ clones had lost imprint- 
ing of the Igf2r gene. Similar results were obtained showing 
erasure of the methylation marker at the H19IIgf2 locus (Fig. 2d, 
bottom panel). These data demonstrate that the EB-derived PGCs 
display phenotj^ic and biological properties of PGCs developing 
in vivo. 

We then used inununomagnetic bead sorting to isolate SSEAl"^ 
candidate PGCs fi-om differentiated EBs, and used RT-PCR to 
analyse expression of germ-cell-specific markers. Oct4 was 
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expressed in the SSEAl"^ population throughout EB development 
(Fig. 3a, left panel). Oct4 expression was almost undetectable in the 
SSEA 1 -negative (SSEAl " ) fraction, demonstrating the effectiveness 
of the SSEAl selection (Fig. 3a, right panel). Texl4 and Rnh2, which 
demonstrated a rapid dovmregulation on EB differentiation in the 
whole EB population, became undetectable in the purified SSEAl"*" 
fraction of early EBs (days 3, 4; Fig. 3b). At day 5 expression levels of 
these genes rose, and by day 6 they reached a level comparable to ES 
cells. Although less marked than Texl4 and Rnh2, expression of 
Piwil2 and Dazl follows a similar pattern of increased expression 
over time in SSEAl differentiated EB-derived cell populations. 
This suggests that the developing EB supports a cellular environ- 
ment similar to the early embryonic microenvironment in which 
PGCs are found. 

To determine whether the PGCs arise in a defined region of the 
EB, we used immunohistochemistry to simultaneously visualize 
CDW^ haematopoietic cells" and SSEAl""" germ cells in cryosec- 
tions of 7-day-old EBs (Fig. 3c). Similar to the developing embryo, 
the SSEAl""" PGCs in the developing EB exist in close juxtaposition 
to the cells of the developing haematopoietic system. The co- 
localization of nascent blood and germ cell populations in the 
peripheral zones of the developing EB raises interesting questions 
about their clonal origins and the microenvironment that specifies 
their distinct cell fates. 

We next investigated whether the EB-derived PGCs undergo 
further differentiation into functional gametes. We analysed die 
expression of Sry, a male gene that determines germ cell fete. Sry 



expression was first detected in day 5 EBs, heralding initiation of a 
male germ cell developmental programme (Fig. 4a). Germ ceU 
nuclear fector (Gcnf) has a role in confining Oct4 expression to 
the germ line". We observed transient expression of Gcn/starting at 
day 7 and peaking at around day 1 1, suggesting a temporal window 
during which the germ cells become fully specified. At about day 1 1 
of EB differentiation we found a strong upregulation of acrosin and 
haprin, genes tightly associated with male germ cell development 
(Fig. 4b). Acrosin is part of the acrosomal complex transcribed as 
proacrosin in the diploid germ cell population^", whereas haprin is a 
member of the RING finger-B box-coiled-coil family of transcrip- 
tion factors, which have a role in spermatogenesis and the formation 
of germ cell tumours^'"". Our observation of upregulation of genes 
associated with male germ cell maturation prompted us to inves- 
tigate the presence of stromal supporter cells. Indeed, we detected 
the message for the luteinizing hormone/gonadotropin receptor 
(LH-R) as well as miiUerian inhibiting substance (MIS); these are 
markers of Leydig and Sertoli cells, respectively. We failed to detect 
expression of zona pellucida proteins Zpl and Zp2, whereas Zp3 is 
expressed in ES cells and early EBs (Fig. 4b), suggesting that within 
the context of EB differentiation, the defauk programme of female 
gametogenesis is suppressed. Indeed when comparing the 
expression of two genes specific for male germ cell differentiation, 
AZI and ret finger protein (Rfp), we observed exclusive expression 
of these genes in EBs derived from male (XY) but not female (XX) 
ES cells (Fig. 4c). 
To investigate whether male germ cells undergo meiosis in the 
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Figure 2 Development of primordial germ cells in the differentiating EB. a, Effects of 
treatment with retlnoic acid (RA) on EB-derived cells. Retinoic acid differentiates ES cells 
(top panel) but supports PGCs" (middle paneO. Culture of EB-derived SSEAl cells in the 
presence of retinoic acid selects for PGCs that retain genri ceil marl<er expression (bottom 
panel), b, SSEA1'"' cells were Isolated from EBs of different ages by immunomagnetic 
beads, cultured in retinoic acid for 7 days, and SSEAl expression was analysed by flow 
cytometry. The percentage of Gff + ES and EB-derived cells expressing SSEAl is plotted 
[n = 3) c. Ali<aline phosphatase (AP) expression on ES cells (left paneD and day 7 
EB-derlved ceils (right panel) after 5 days of culture in retinoic acid. The day 7 EB-derived 
cells formed large colonies of cells positive for alkaline phosphatase that resembled PGCs 



on gross inspection". Cells positive for alkaline phosphatase migrated out of the large 
colony (arrowheads), d. Imprint erasure of IgfZrmX Hia/lgf2 k)ci. Top panel, DMR2 
region of Jj^f^r locus. Southern analysis of genomic DUA from individual ES and EB- 
derived embryonic germ ckines digested with PvuW and Mlu\ is shown. Bottom panel, 
H19/lgf2 locus. The same clones as In the top panel were digested with Sac\ and 
Hha\. The day of EB development at which individual embryonic germ clones were derived 
is indicated. Control lanes include J1 ES cells (somatic methylatlon profile), methylation- 
deficient DNMTI™" ES cells^ and parthenogenetic (parthen.) ES cells (showing a 
maternal methylatlon pattern on both Igfr2 alleles). 
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context of the EB, we immunostained cell populations with an 
antibody that specifically recognizes male meiotic germ cells 
(FE-Jl"), and analysed tiiese cells for DNA content using the 
fluorescent DNA-binding dye Hoechst 33342. In the testes of 
adult mice, both FE-Jl"^ and haploid (IC) cells are readily identified 
(Fig. 4d, left column of top and middle panels). Analysing the 
FE-Jl"*" cell population for DNA content shows that this marker of 
male germ cells recognizes a minor diploid (2C) population of 
primary spermatocytes and a predominant population of cells with 
a haploid (IC) DNA complement, as reported" (Fig. 4d, bottom 
panel, left). In the EB cell suspension, haploid (IC) cells are 
discernable but obscured by a range of apoptotic cells with sub- 
2C DNA content (Fig. 4d, middle panel, right). However, when only 
the cells positive for the FE-Jl antibody are analysed, a distinct 
haploid ( IC) population is observed, representing the predominant 
class of FE- J I -staining cells (Fig. 4d, bottom panel, right). The low 
proportion of antibody-positive cells (0.01%) and the relatively 
high ratio between diploid (2C) primary spermatocytes and haploid 
(IC) cells suggests that meiosis is highly inefficient in EEs. This 
experiment, however, demonstrates that the EB microenvironment 
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Figure 3 RT-PCR detection of germ-cell-specific genes in SSEA1+ ceils isolated from 
developing EBs, a, Expression of (JcM during EB development (left panel) and in SSEAI"^ 
and SSEA1 ~ fractions derived by immunomagnetlc sorting. Row cytometric analysis 
demonstrates >90% purity In the SSEA1 + fraction and >99% purity of the SSEA1 " 
fraction (data not shown), b, Expression of TexU, Rnh2, P/Vw72and Daz/ assayed by 
RT-PCR. Actin served as a control, c, Immunohistochemistty of germ cell and 
haematopoietic development in day 7 EBs. EBs were cryosectioned and stained with 
CD41-fluorescein isothiocyanate (green) to mark early haematopoietic cells and 
SSEA1-PE (red) to visualize germ cell development. 



is permissive for male germ cell development and meiotic 
maturation. 

We further analysed the FE-JI"*" cells by inimunofiuorescence 
microscopy. The FE-Jl antibody recognizes the anterior acrosome 
on early and late pachytene spermatocytes and on round sperma- 
tids". As can be seen in Fig. 4e, FE- J 1 cells isolated from testes (top 
panel) or fi-om day 20 EBs (bottom panel) demonstrate polarized 
apical perinuclear staining, indicating that the EB-derived cells have 
a similar morphology to testis-derived haploid cells, and possibly 
represent round spermatids. 

Finally, we investigated the biological function of the EB-derived 
haploid cells and assayed their capacity to fertilize oocytes. We 
isolated FE-Jl +/GFP+ haploid cells from day 20 EBs by flow 
cytometry, and performed intracytoplasmic injection into recipient 
oocytes. Five separate microinjection experiments performed in two 
independent laboratories produced comparable results. Approxi- 
mately 50% of the injected oocytes supported cleavage to the 2-cell 
stage (n = 125), with 20% displaying progression to blastocysts. 
Figure 4f shows four representative blastocysts expressing the GFP 
transgene, indicating successful complementation of the oocyte 
genome by the EB-derived haploid cells. Furthermore, fluorescence 
in situ hybridization (FISH) using probes directed against an 
autosomal locus and markers on the X and Y chromosome 
demonstrate a normal diploid chromosome complement and 
expected ratios of male (XY) and female (XX) embryos (Fig. 4g). 
Efforts are underway to determine whether embryos arising fi'om 
fertilization with EB-derived male gametes will develop normally 
after uterine transfer. 

Germ cell development remains a largely unexplored but 
fascinating process of cell fate specification. Germ cells represent 
a privileged class of cells, given responsibility for perpetuating 
pluripotency and ensuring propagation of the gene pool. The 
genetic mechanisms that account for maintenance of pluripo- 
tency and restrict somatic differentiation are beginning to yield 
to molecular analyses^, but an in vitro model system that 
recapitulates germ cell specification will gready facilitate these 
studies. 

Recently, Scholer and colleagues reported the generation of 
oocytes fi-om mouse ES cells in culture". The reported differen- 
tiation happened spontaneously over a period of nearly 50 days. In 
contrast to our method of ES cell differentiation into EBs, Scholer 
and colleagues used bulk two-dimensional differentiation on tissue 
culture plastic, in which both male and female lines of ES cells 
yielded oocytes. Given our observation of male germ cell develop- 
ment, we speculate that EBs may preserve more of the tissue 
organization reflective of the embryonic gonadal ridge, thereby 
enabling male germ lineage specification. In support of this notion, 
we detected expression of the miillerian inhibiting substance in EBs 
by RT-PCR. While this manuscript was under review, Noce and 
colleagues reported the successful derivation of male lineage germ 
cells from ES cells in vitro'^. Our work corroborates and extends this 
report by demonstrating the erasure of methylation markers at 
imprinted loci and the successful fertilization of oocytes by the 
ES-derived male gametes. 

Although EBs may not reflect the precise temporal and spatial . 
features of embryonic development, their ready derivation fi-om ES 
cells in vitro has proven valuable for genetic studies of tissue 
differentiation, by linking gene deletions or ectopic transgene 
expression to specific cellular phenotypes. We have demonstrated 
the in vitro differentiation of ES cells into primordial germ cells, 
which proliferate in response to retinoic acid and give rise to 
embryonic germ-cell-like clones that undergo erasure of imprints. 
We are currentiy using this in vitro system to investigate whether EB 
differentiation sustains a male germ cell niche that enables the 
proper restoration of male imprints, thereby affording an in vitro 
system to address the genetic and biochemical mechanisms of this 
fundamental epigenetic modification. As demonstrated by molecu- 
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Rgure 4 EBs support differentiation of haploid male germ celis that support fertilization of 
oocytes, a, Expression of Sry in developing EBs analysed by RT-PCR (top panel), 
b, Expression of genes regulating male germ cell specification during EB development. 
Gcnf Ue\ps restrict OcM expression to ttie germ line". Acrosin, acrosomal protein with a 
role in oocyte interaction^"; haprin, haploid germ-cell-specific RING finger protein; LH-R 
and MS, markers for Leydig and Sertoli cells, respectively; Zp1-3, proteins of the oocyte 
zona pellucida. HprtseNei as a control, c, Expression of male germ-cell-speclfic genes in 
male or female EBs assayed by RT-PCR. Control RNA from ovary or testis is shown, 
d, Identification of haploid male genrt cells in adult testis (left) or day 13 EBs (right) by 
immunostaining with the FE-J1 antibody**. Cells vrere stained with the DNA-binding dye 
Hoechst 33342 to reveal DNA content. 1 C, haploid; 2C, G0/G1 phase; 4C, G2M phase. 



e, Immunohistochemistry of the FE-J1 cells sorted In d. FE-J1 -PE, red; nuclear Hoechst 
33342, blue, f , Fluorescence image of blastocysts derived from intracytoplasmic injection 
of oocytes with EB-derived FE-J1~'' haploid cells, g, FISH analysis of control ES cells and 
morula stage embryos, with fluorescence signals indicated by arrows. Panels 1 p( and Y 
chromosome markers) and 2 (autosomal (k light chain) and Y chromosome martyrs) show 
embryos derived from intracytoplasmic oocyte injection of FE-J1 haploid cells. Panels 3 
(X and Y chromosome mart<ers) and 4 (autosomal (k light chain) and Y chromosome 
markers) show control male ES cells. Panels 5 (X and Y chromosome markers; note two X 
and absence of Y signals) and 6 (autosomal (k light chain) and Y chromosome markers; 
note absence of Y signal) show control female ES cells. 



lar analysis, the EBs support a programme of male germ cell 
differentiation, culminating in the formation of haploid cells that 
manifest the morphology and fertilization potential of male haploid 
germ cells of the round spermatid stage. Our report, together with 
the recent demonstration of oocyte and sperm generation from ES 
^gjjj25,26 signals a new realm of possibilities for investigating germ 
cell development, epigenetic reprogramming and germline gene 
modification. □ 



Methods 

Mouse strains and ES cells 

C57BL/6-TGN(ACTbEGFP) mice were from Jackson Laboratories". 129SvEv mice were 
from Taconic. ES cells were derived from an Fi cross between C57BL/6- 
TGN(ACTbEGFP)10sb and l29SvEv. 

Cell culture 

ES cells were maintained on irradiated MEFs in DME/15% IFS, 0.1 mM non-essential 
amino acids (GIBCO), 2mM glutamine, penicillin/streptomycin (GIBCO), 0.1 mM 



152 



O2004 Nature Publishina GraUD NATURE j VOL 427 1 8 JANUARY 2004 1 www.nature.com/nature 



letters to nature 



0-mercaptoethanol, and LOOOUmP' LIF (Invitrogen). For EB differentiation, ES cells 
were digested with trypsin, collected in EB medium (IMDM/15% IFS, 200|igmr ' iron- 
saturated transferrin (Sigma), 4.5 mM monothiolglycerol (Sigma), 50|igmr' ascorbic 
acid (Sigma) and 2 mM glutamine) and plated for 45 min to allow MEFs to adhere. 
Non-adherent cells were collected and plated in hanging drops at 200 cells per 30 ill droplet 
in an inverted bacterial Petri dish. EBs were collected from the hanging drops at day 3 and 
transferred into 10 ml EB medium in slowly rotating 10 cm Petri dishes. At day 4, EBs were 
fed by exchanging half of their spent medium. Cells were collected by collagenase 
treatment and re-suspension in cell dissociation bufier (Invitrogen). 

RT-PCR 

RT-PCR amplifications were titrated to be within a linear range of amplification. Primers 
used are: Ocrt(f) 5'-GTGGATTCTCGAACCTGGCT-3', OcM(r) 5'-GTCTCCAGACTCC 
ACCTCAC-3'; stclla(f) 5'-CAGCCGTACCTGTGGAGAACAAGAG-3', stella(r) 
5'-AGCCCTGGGCCTCACAGCTT-3'; Fg(s(f) 5'-TTGCTCCGCACCATGAACCA-3', 
Fg(s(r) 5'-TGAAGCACTTCAGGACCGGA-3'; Dazl(f) 5'-GCCAGCACTCAGTCTTC 
ATC-3', DazHr) 5'-GTTGGAGGCTGCATGTAAGT-3'; Piwit2(f) 5'-CCGTCATGAAGG 
AGAGCTCG-3', PiwiJ2(r) 5'-GGAACGACTCTGTGCTGGAT-3'; JJn/l7(f) 5'-GACACA 
CAGTCTAACAGAGG-3', Rnfl7M 5'-AGGACAGCAGCATCTACCrT-3'; Rnh2{f) 
5'-CATAAGTGGCAACGAAGAGC-3', RnW(r) 5'-GTTACAGGCTGCTACCATCA-3': 
TdrdliO 5'-GCAGTTCTGCTCTGTCAAGG-3'. Tdrdl{r) 5'-CAGAGCGTGGAATCACA 
TGG-3'; r«i4(f) 5'-GAAGCTTGAGCAGGAGGTAG-3', Texl4{i) 5'-TTCAGAAGACA 
CAGACGCCA-3'; GcnUD 5'-GTGGAAGACCAGGACGACGA-3', GcnJ{t) 5'-CCTAC 
TGGATGATAGTGTGG-3'j acrosin(f) 5'-CGGAGTCTACACAGCCACCT-3', acrosin(r) 
5'-GCATGAGTGATGAGGAGGTT-3'; haprin(f) 5'-CCAGAACATGAGACAGAGAG-3', 
haprin(r) 5'-AGCAACTTCCTGAGCATACC-3'; Hprr(f) 5'-GCTGGTGAAAAGGACC 
TCT-3', Hprf(r) 5'-CACAGGACTAGAACACCTGC-3'; Sry(f) 5'-TTACAGCCTGCAG 
TTGCCTC-3', Sryit) 5'-GGTCATAGAACTGCTGTTGC-3'; M/S(f) 5'-TTGGTGCTAA 
CCGTGGACTT-3', M/S(r) 5'-GCAGAGCACGAACCAAGCGA-3'; iH-R(f) 5'-TGCAA 
CCTCCTCAATCTGTC-3'. LH-RM 5'-AGCGTGGCAACCAGTAGGCr-3': ZpUf) 
5 -GAGTGACTGTGTTGCCATAG-3', ZpJ(r) 5'-GCCACACTGGTCTCACTACG-3': 
Zp2(f) 5'-GCTACACACATGACTCTCAC-3',Zp2(r) 5'-GGTGACTCACAGTGGCA 
CTC-3'i Zp3(f) 5'-TTGAGCAGAAGCAGTCCAGC-3', Zp3(r) 5'-CGGTTGCCTTGT 
GGATGGTC-3'; actin(f) 5'-ACCAACTGGGACGATATGGAGAAGA-3'. actin(r) 
5 ' -CTCTTTGATGTCACGCACGATTTC-3' . 

Immunomagnetic Isolation of SSEAl^ cells 

Cells collected from EBs were incubated (30 min) with a monoclonal antibody against 
SSEA I (Hybridoma bank) at 4 °C in PBS/0.5% BSA. Cells were washed twice with ice-cold 
PBS/0.5% BSA before addition of immunomagnetic rat anti-mouse IgM beads (Dynal), 
and were incubated for I h at 4 °C with slow rotation. Magnetic separation of SSEAI"*^ 
beads associated with the cells was performed according to the manufacturer's protocol. 

Southern analysis 

Genomic DNA was prepared from individual clones of the parental ES cell line or 
EB-derived embryonic germ cells. For the embryonic germ cell clones, SSEAl"*" cells were 
isolated at different days of EB development and cells were grown in the presence of 
retinoic acid for 7 days followed by 2 days of culture without retinoic acid. Individual 
clones were isolated and expanded on gelatinized tissue culture plastic in the presence of 
LIF to remove feeder cells. Genomic DNA was isolated and digested with Pvwll and Mlul 
for the detection of Igfir methylation, or with Sad and Hhal for the analysis of Hi? 
imprints. DNA was separated on a 0.7% agarose gel and Southern blots were generated by 
standard methods. Filters were hybridized with a probe covering region 2 of the Igf2r 
receptor (pPP4). 

FACS analysis 

Testicular and EB-derived cell suspensions were obtained by enzymatic digest of the tissue. 
Briefly, cells were incubated at 37°C for 15 min with digest buffer (0.1% collagenase IV, 
0.2% hyaluronidase and 50 U mP ' DNase (all Sigma)). Cells were then dissociated using 
cell dissociation buffer (Invitrogen), collected by centrifiigation and a second digest was 
performed. Cell clumps were removed using a 70 |iM strainer and cells were re-suspended 
in ice-cold RPMI plus 0.5% FBS. Cells were incubated with FE-)1, a haploid male germ- 
cell-specific antibody (Hybridoma bank"), for 30 min at 4 °C. The cells were washed twice 
with RPMl/0.5% FBS and incubated with phycoerythrin (PE)-conjugatcd rat anti-mouse 
IgM for 30 min at 4°C, Cells were washed twice with RPMI/0.5% FBS, re-suspended in 
RPMl/0.5% FBS containing 2.5 ng ml" ' cytochalasin B (Sigma) and sorted on a Becton- 
Dickinson FACSCalibur. 

Oocyte injections 

Eight-ten-week-old B6D2FI/J mice (Jackson Laboratories) were used as oocyte donors. 
EB-derived donor cells were re-suspended in KSOM (Speciality Medium) containing 10% 
(w/v) polyvinyl alcohol (Sigma) and 0.01% (w/v) bovine serum albumin (Sigma). 
Intracytoplasmic injection into cumulus- free oocytes was carried out in H-KSOM 
containing S |tg mP ' cytochalasin B (Sigma) and 3% (w/v) sucrose at room temperature 
using a Nikon Eclipse TE300 microscope equipped with Narashige hydraulic 
micromanipulators and Hoffman modulation contrast. The injected oocytes were washed 
five times in KSOM to remove the cytochalasin. Reconstructed embryos were activated 
either in KSOM containing 10 |iM calcium ionophore A23187 (Sigma) for 5 min, followed 
by 2 mM 6-dimethylaminopurine (Sigma) in KSOM at 37 °C in 5% COj for 3 h, or for 5 h 

KSOM. Embryos were cultured in KSOM at 37 °C in 5% CO2. 



DNA-FISH 

DNA-FISH was performed as described" with minor modifications. The zona was 
removed firom embryos using acid tyrodase, and the morulae were incubated in a small 
drop of 0.075 M KCl on a sHde for 5 min. Embryos were fixed by replacing the KCl with 3: 1 
methanohacetic acid. Cells were permeabilized in 0.5% triton/PBS for 10 min, washed 
twice in PBS and dehydrated in 70%, 90% and 100% ethanol. Bacterial artificial 
chromosome (BAC) clones used for FISH analysis were from BACPAC resources and from 
Invitrogen, Autosomal sequences were detected with BAC RP23-20P21, which is specific 
for the K light chain locus of immunoglobuHn. X chromosomal sequences were detected 
with BAC CT7-22804, which is specific for the /rati locus. Y chromosomal sequences 
were detected with BAC RP24-507D23, vdiich is specific for Y chromosomal repeats. 
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T-cell priming by dendritic 
cells in iympii nodes occurs 
in tliree distinct phases 
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The CBR Institute for Biomedical Research, Department of Pathology, 
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Primary T-cell responses in lymph nodes (LNs) require contact- 
dependent information exchange between T cells and dendritic 
cells (DCs). Because lymphocytes continually enter and leave 
normal LNs, the resident lymphocyte pool is composed of non- 
synchronized cells with different dwell times that display het- 
erogeneous behaviour in mouse LNs in vitro'~^. Here we employ 
two-photon microscopy in vivo to study antigen-presenting DCs 
and naive T cells whose dwell time in LNs was synchronized. 
During the first 8 h after entering from the blood, T cells under- 
went multiple short encounters with DCs, progressively 
decreased their motility, and upregulated activation markers. 
During the subsequent 12 h T ceUs formed long-lasting stable 
conjugates with DCs and began to secrete interleukin-2 and 
interferon^. On the second day, coinciding with the onset of 
proliferation, T cells resumed their rapid migration and short DC 
contacts. Thus, T-cell priming by DCs occurs in three successive 
stages: transient serial encounters during the first activation 
phase are followed by a second phase of stable contacts culminat- 
ing in cytokine production, which makes a transition into a third 
phase of high motility and rapid proliferation. 

Naive T cells recirculate continually between the blood and LNs 
to search for antigen^. The intranodal encounter of a peptide-major 
histocompatibility complex (MHC) complex that is recognized by a 
T-cell antigen receptor (TCR) will only resuk in full-fledged T cell 
activation upon co-stimulation provided by mature DCs. These 
professional antigen-presenting cells collect antigens in peripheral 
tissues and migrate to LNs through lymph vessels. T-cell priming by 
DCs induces activation markers, cytokine secretion, and prolifer- 
ation. Several reports have analysed the dynamics of T-cell-DC 
interactions in excised LNs, but the methods and results have been 
variable and it is unknown how the absence of lymph and blood 
flow or innervation influences T-cell-DC interactions'"'-'. There is 
therefore still no comprehensive description of what happens in a 
truly physiological setting when naive T cells enter LNs that contain 
antigen-presenting DCs. 

We have used two-photon microscopy* to study lymphocyte 
migration and interactions with DCs within popliteal LNs of 
anaesthetized mice. Our preparation preserved physiological 
blood and lymph flow', whereas, in our hands, lymph flow was 
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compromised when we attempted to adapt the well-established 
inguinal lymph-node preparation to two-photon imaging""' (not 
shown). Recipient mice received footpad injections of fluorescent 
DCs, which entered lymph vessels and accumulated in the popliteal 
LN during the following day. Differentially tagged TCR transgenic 
CD8''"T cells were injected intravenously 18 h later (Fig. la). T cells 
homed rapidly through high endothelial venules (HEVs) into 
popliteal LNs', where they constituted 1-2% of all CD8+ cells 2 h 
after injection. At this point, further lymphocyte homing was 
blocked by the injection of anti-L-selectin'". This ensured that all 
imaged T cells had entered pophteal LNs during the initial 2-h 
window and enabled us to study synchronized resident cells during 
the subsequent 2 days. 

Initially, we examined the phenotype of injected DCs that 
migrated to draining LNs (Fig. lb). Immature splenic CDllc""" 
DCs from CD45.1"'" donors were injected into CD45.2"'" congenic 
recipients. Because immature DCs express little or no CCR7— a 
chemokine receptor required for DC migration into lymphatics and 
within LNs"— we co-injected lipopolysaccharide (LPS; 10 ng), 
which induces DC maturation and CCR7 expression'^. Conse- 
quently, DCs recovered from popliteal LNs were mature and either 
CDllb+CDSot" or CDllb"CD8oi'°"'". CDSa'''^'' input DCs were 
rarely detected in LNs. This might reflect an inability of CDSa'"*'' 
DCs to migrate to LNs, or the downregulation of CD8a during 
transit. 

To examine DCs in situ, we administered footpad injections of 
red fluorescent DCs and analysed their behaviour within popliteal 
LNs. After 20 h a fraction of migrated DCs (about 20-50%) resided 
in the subcapsular sinus and the superficial cortex. The remainder 
congregated in distinct regions within the deep cortex, where they 
localized with homed T cells (Supplementary Fig. Sla). A reason for 
the non-uniform distribution of DCs in die T cell area became 
apparent after fluorescein isothiocyanate-dextran injection to 
delineate blood vessels. In line with recent observations", many 
DCs lined up around HEVs in strategic positions to interact with 
newly homed T cells (Supplementary Fig. Sib; Supplementary 
Information 2, 3). This distribution pattern became less apparent 
at day 2 or 3 after injection (Supplementary Information 4). 

One day after injection, DCs in T-cell areas were remarkably 
motile, whether they presented antigen to T cells or not (Fig. Ic-g; 
Supplementary Information 5). The median three-dimensional 
(3D) instantaneous velocity was 6.6|Ammin"' (Fig. le), which is 
in good agreement with measurements of two-dimensional veloc- 
ities in explanted LNs'. Individual DCs followed random paths 
without apparent directional bias. Even sessile DCs constantiy 
extended and retracted dendrites and pseudopods. The motility of 
both antigen-pulsed and control DCs was highest between 2 and 8 h 
after T-cell transfer (20-26 h after DC injection) and decreased over 
time (Fig. If, g; Supplementary Information 5). This progressive 
decrease in motility might reflect DC 'exhaustion', which has been 
proposed to occur after LPS activation'''. 

Migratory dynamics in LNs were closely dependent on physio- 
logical conditions: T cells and DCs stopped migrating and assumed 
a round shape within minutes after cardiovascular arrest (Sup- 
plementary Information 6), even with a tissue temperature main- 
tained at 36 "C, a requirement for interstitial T-cell migration^. In 
living animals without DC injection, intranodal T cells moved 



rapidly, reaching peak 3D velocities of 40nmmin~ (Fig. 2a-c; 
Supplementary Information 7). In LNs draining DC-injected foot- 
pads, 3D velocities were equivalent (Fig. 2c d) but T ceUs turned at 
steeper angles and covered a smaUer volume of the paracortex, 
resulting in decreased motility coefficients, even when DCs carried 
no antigen (Fig. 2e, f). Mean T-cell displacement plots in the 
antigen-containing LNs revealed a plateau at about 15 jtm displace- 
ment (Fig. 2e), indicating confined motility'^ Thus, DC plus LPS 
injections induced LN paracortex partitioning into smaller com- 
partments in which incoming T cells were retained, perhaps owing 
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ABSTRACT 

Permanent embryonic stem cell lines (ES cells) are considered as one of the most 
promising cellular sources for regenerative medicine. ES cells have a high proliferative 
potency and ability to differentiate into all kinds of somatic and germ cells. However, 
transplantation of undifferentiated ES cells into adult recipient tissue results in the 
formation of teratomas. To understand the mechanisms underlying self-renewal and 
determination of pluripotent cells, we investigated differentiation potencies of undiffer- 
entiated ES cells and differentiating embryoid bodies (EB). ES cells and EBs growing on 
acetate-cellulose membranes were transplanted into the peritoneal cavity of irradiated 
mice. Behavior and differentiation of transplanted cells were studied within 1, 2, 3, and 6 
weeks after transplantation. No differences in the cell composition were found in the 
teratomas formed by ES cells and differentiating EBs. The pattern of expression of the 
genes specific for pluripotent and germ cells was studied in all types of experimental 
teratomas. The expression of oct4, stella, fragilis was detected in the teratomas, but nanog 
was not expressed. We conclude that pluripotent cells are retained in the experimental 
teratomas formed after transplantation of ES cells and EBs but the pattern of expression 
of the studied genes underwent changes. 



PLURIPOTENT embryonic stem (ES) cell lines can be 
expanded for prolonged period of culture, maintain a 
normal karyotype, and have potentcy to generate all cell 
types. Therefore they represent a unique source for the 
repair of diseased or damaged tissues in human body. 

Predominant ES cell differentiation into required cell 
types is only possible under special conditions of co-culture 
and 3D-culture''^ and in the presence of exogenous growth 
and differentiation factors.-^"'' Analysis of gene expression 
pattern during differentiation of ES cells into several so- 
matic cell types demonstrates certain similarities with the 
processes of histogenesis.'**"* Several authors reported 
successful transplantation of the precursors of neurons, 
hepatocytcs, and endothelial cells derived from ES cells and 
isolated using a fluorescent-activated cell sorting (FACS). 
Their behavior, duration of preservation in recipient tis- 
sues, and activity of certain marker genes have been stud- 
ied.*''" On the other hand, when pluripotent stem cells are 
introduced into adult histocompatible or immunocompro- 
mised mice, they form teratomas or teratocarcinomas that 
include t derivatives of all germ layers.""'^ Analysis of 
interactions between pluripotent cells and differentiated 
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cells of the recipient animals, identification of the factors 
that drive differentiation of ES cells in vivo can help in 
understanding the mechanisms involved in the determina- 
tion of cell fate during normal development and oncogen- 
esis. These data are important for development of effective 
and safe stem cells technologies for prospective clinical 
treatment. 

It was shown that two genes, oct4 and nanog, were involved in 
the regulation of pluripotent state of ES cells, inner mass cells of 
blastocyst, early epiblast, and developing germ cells. ""'^ These 
genes are also expressed in other pluripotent cell lines: embryonic 
germ cells and embryonal carcinoma stem cells.'* Expression of 
Stella and fragilis genes was identified in founders primordial 
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Fig 1 . Differentiation of pluripotent populations of ES cell colonies and differentiating EBs in vivo. The activity of all<aline phosphatase 
in ES cells (A,C) and EBs (B,D) prior and within 1 week after transplantation, respectively. Sections through teratomas contain a variety 
of tissue types derived of the three germ layers: l^eratinizing epithelia (E), secretory epithelial cyst (F), and cartilage (G). Lacunar blood 
vessel in teratoma (H). Original magnification: X100. 



germ ceUs, as well as in ES cells.'^ However, the data on the £ate 
of pluripotent ES cells and on the mechankms of their destina- 
tion after tranq>lantation into adult animals are veiy limited. It is 
not known how pluripotent cells that were retained in teratomas 
change their phenotype, potencies, and expression pattern. 



We present herein the data about the differentiation 
potentcies of ES cells and differentiating EBs and the ex- 
pression of specific pluripotent and germ cells genes in 
teratomas formed by these pluripotent populations after 
transplantation into peritoneal cavity of irradiated mice. 
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MATERIALS AND METHODS 

For the experiments, we used the murine embryonic stem cell line 
Rl kindly provided by Dr A. Nagy (Mount Sinai Hospital, Toronto, 
Canada). Undifferentiated ES cells growing on a feeder layer of the 
mouse primary embryonic fibroblasts inactivated by mitomycin C 
(10 /Lig/mL; Sigma, St. Louis, Mo, USA) as well as the differenti- 
ating EBs (3 to 5 days after plating) were cultured on gelatinized 
acetate cellulose (AC) membranes (Millipore), as described previ- 
ously.'* Three days after the attachment to the substrate, the 
membranes with ES cell colonies or EBs were implanted into the 
peritoneal cavity of hybrid mice (CBA X C57B1) Fl irradiated 3 to 
5 days before at 5.72 Gy on a RUM-17 device (210 kV, 15 inA, 
filters: 0.55 mm Cu + 1.0 mm Al, 0.78 Gy/min dose power, 47 cm 
distance from the source). The AC membranes with the primary 
embryonic fibroblasts inactivated by mitomycin C or empty gelatin- 
coated membranes were implanted in the control animals. 

The membranes with cells and fragments of tissues were isolated 
after 1, 2, 3, and 6 weeks after the implantation for histologic study 
of the total preparations and paraffin sections. The material was 
fixed by 4% paraformaldehyde (Sigma) for 30 minutes. The 
preparations were stained by azur-eosin or hematoxylin and eosin. 
The activity of alkaline phosphatase was detected in fixed ES cells 
and EBs after incubation in a solution of naphthol AS-BI-phos- 
phate and Fast Red dye Texas Red (Sigma) at 37°C for 1 hour. 

For analysis of gene expression, total RNA was isolated using the 
mixture RNAzol B (Ginna-Biotecs, Friendswood). A fraction of 
raRNA was obtained from total RNA using a kit for mRNA 
isolation with magnetic carriers covered by oligo-(dT)-cellulose 
(Dynabeads mRNA purified kit, Dynal, Norway). cDNA copies 
were synthesized on mRNA templates from ES cells and differen- 
tiating EBs with the heal of revertase Superscript using oligo- 
(dT),„ and random primers according to the producer's protocol 
(Gibco). The synthesized cDNA libraries were normalized by 
evaluation of hprt gene expression level. The levels of expression of 
the regulatory genes in ES cells, EBs, and experimental teratomas 
were quantitatively estimated by PCR analysis using specific prim- 
ers constructed on the basis of the data on the structure of the 
genes we studied. The primers used were oct4 (f) 
5 'TGOAGACrrrGC- 

AGCCTGAG-3', oct4 (r) 5'-CATACTCrrCrCGTTGGGAAT- 
A-3'; nanog (f) 5'-ATGAGTGTGGGTCTTCCTGGT-3', nanog 
(r) 5'-TATTTCACCTGGAGTCACA-3'; Stella (f) 5'-CAGCCG- 
TACCTGTGGAGAAC-3', stella (r) 5'-AGCCCTGGGGCC- 
TCACAGCrr-3'; fragilis (f) S'-TGCTCCGCACCATGAACC- 
AC-3', fragilis (r) 5'-GTGAAGCACTTCAGGACCGG-3'. 

RESULTS AND DISCUSSION 

Comparative morphologic analysis of the differentiation of 
pluripotent cells in the ES cell colonies and EBs in the 
peritoneal cavity of irradiated mice revealed cell clusters on 
the implanted membranes resulting from proliferation and 
migration of the transplanted cells 1 and 2 weeks later in 
each experimental series. By this time, the colonies of 
undifferentiated ES cells merged and assumed asymmetric 
shape, while outgrowths of the EBs were enlarged. No 
morphologically differentiated cell types were revealed in 
the cell clusters, and the activity of alkaline phosphatase 
was detected in most cells (Fig lA-D). In addition to ES 
cells, numerous fibroblast-like cells of the recipient incap- 
sulating the foreign body were visualized on the mem- 



branes. These fibroblast-like cells were also presented on 
the AC membranes isolated from the abdominal cavity of 
control animals. After 3 weeks of the experiment, the 
teratomas developed in all experimental animals in the 
region of contact between the membrane and small intes- 
tinal loops; however, no tumors were found in other tissues. 
After 6 weeks, the teratomas formed by ES cells were 
considerably larger than after 3 weeks. 

Histologic analysis revealed various types of differenti- 
ated cells in the experimental teratomas, including ectoder- 
mal (keratinizing epithelium and neural ganglion cells), 
mesodermal (hyaline cartilage and adipocytes), and ento- 
dermal (epithelium of intestinal and respiratory types) 
lineages (Fig ID-E). Lacunar blood vessels (most likely of 
the recipient origin) and vast hemorrhagic zones were seen 
in the teratomas (Fig IH). Apparently, the observed ne- 
crotic changes in the teratomas developed as a result of 
immune conflict with the immune system of the recipient. 
Our experiments have revealed no considerable changes in 
the types of differentiations of pluripotent populations of 
the ES cell colonies and the EBs, although the differenti- 
ating EBs attached to the substrate represented heteroge- 
neous populations including pluripotent, differentiated, and 
committed cells. 

Expression of pluripotent and germ cell-specific genes 
oct4, nanog, stella, and fragilis was evaluated using normal- 
ized cDNA libraries constructed by RT-PCR from undif- 
ferentiated ES cells, differentiating embiyoid bodies, all 
types of experimental teratomas, and primary embryonic 
fibroblasts (feeder cells). The pattern of expression of the 
studied genes was identical for ES cells and differentiating 
embryoid bodies prior to transplantation. All four genes 
were expressed in the pluripotent cells. In contrast, we 
identified expression of the oct4, stella, and fragilis; nanog 
expression was not detected in all types of experimental 
teratomas. The levels of expression of the detected genes 
were approximately equal. Our findings suggest that the 
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Fig 2. The pattern of expression of germ cell-specific genes in 
ES cells (ES), differentiating EB(dEB) in the experimental terato- 
mas formed by ES cells [T(ES)] and EBs 1T(EB)] within 3 and 6 
weeks after transplantation. EF, feeder cells. oDNA libraries were 
deluted 1:5 for analysis of oct4 expression. 
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populations of ES cells and differentiating EBs have the 
similar developmental potencies for differentiation into 
derivates of three germ layers and that pluripotent cells 
retained in the experimental teratomas have the same 
expression pattern of the known pluripotent and germ 
cell-specific genes (Fig 2). Note that similar pattern of 
expression of the studied genes were described in migrating 
primordial germ cells in the mouse embryo." 

Hence, pluripotent cells are retained in the teratomas 
formed after transplantation of ES cells and EBs but the 
expression pattern changed in them as compared to initial 
pluripotent populations. 
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